
LEVELNRL R"por 8377

Double-Ended Backward-Wave
Yagi Hybrid Antenna

WaLTER K. KAM

Airborne Radar Branch
gel Radar DJWsIon

ILOI

IDTI

"APR 
1

|; 
go
SO ) .



SECURITY CLASSIFICATION Of THIS PAGE (Wh"~ D.1. Ent.'.d)

REPORT DOCUMENTATION PAGE BEFORECOPEIGFR
1.RPR UMR2. GOVT ACCESSION NO- 3. RECIPIENT'S CATALOG NUMBER

4. TTLI (nut Sbtifo)S. TYPE OF REPORT a PERIOD COVERED

DOUBLE-ENDED BACKWARD-WAVE YAGI HYBRID g onR one le nubeANTENNA ~~~~continuingNLroemubr
ANTENNA . PERFORMING ORIG. REPORT NUMMYR

~. IJTOR() . CONTRACT OR GRANT NUMSER(G)

Walter K. Kahn
S. PERFORMINOG ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASKC

AREA & WONIC UNIT NUMWERS
Naval Research Laboratory NRL Problem 53-0663-0
Washington, DC 20375 Pkoject NAVAIR WF12-141-605

II. CONTROLLING OFFIC9 NAME AND ADDRESS 12. REPORT DATE

Naval Air Systems Command Febuar 15198OF 0AGE
Washington, DC 20361 10 UME F AE

I& MONITORING AGIENCY NAMIE 6 ADORESS(01 Eli.,inýt 0060 Comeall*Is~ OHS Ce) 1S. SECURITY CLASS. (of this. Popoff)

UNCLA4SIFEED
IS&. DEC IAUFICATION/OOWN11GRAOiNG

16. OISTRISUTION STATEMENT (of Oh. *.p...J

Approved for public release: distribution unlimited.

17. DISTRIOUTIONI STATEMENT (sigh. Abstract satrd Aw &toe&"3. Ital dlSbero AmAp

DTIC
IS. SUPPLEMENCITARY NOT%$AP

It. INET WORDS (Contifftoo, on Pwe. Ai* it sweooewy md td&ISo by blok ..o S
AntennasB

Yao antenaB
Dipole arrap

A structurally simple antenn configuraton, which offer lower sdelobe levels thana
conventional Yagl, is described. The antenna combines a backward-wav excited array with a
Yagi parasitically excited array of dipoles

DDO 'JON" 1473 EDITION OF IMOVE 95 IS 0SOLIETIE

SECURIITY CLASSFICAT6OS Of TROIS PAGE (Ob" Dors, MIA00Mo



CONTENTS

INTRODUCTION .................................... 1

ANALYSIS ......................................... 1

A 16-ELEMENT ARRAY .............................. 4

ACKNOWLEDGMENTS ............................... 6

REFERENCES ...................................... 6

uxemx for J0

mm Whdc SedhW
we BufflsoctiO

DiS1T- adOrSON

xii



II



I-

DOUBLE-ENDED BACKWARD-WAVE YAGI HYBRID ANTENNA

INTRODUCTION

This report describes a novei dipole endfire array configuration on which the currents

inherently tend to taper as required for low sidelobes (i]. In the conventional traveling-'I wave array designed for endfire, excitation is provided at one end of the array. The currents
on a uniform array of elements tend to taper away from that end; other current distribu-tions are obtained by changing the elements themselves or their coupling to the traveling-

wave structure. In the proposed configuration (Fig. 1) excitation enters at a more medial
point of the array, and conceptually the new antenna combines a backward-wave segment
[21 with a forward-wave Yagi segment (3]. Currents on the medial element and elements
adjoining this element (which is excited directly from the source) are enhanced by com-
ponents usually lumped as (unavoidable) "feed radiation." An array of 16 dipoles chosen in1, accordance with this idea was computed to have a sidelobe level better than -20 dB at the

X design frequency and -16 dB over an 8% band. A conventional Yagi produces sidelobe levels
of approximately -14 dB at the design frequency [4J,

ANALYSIS

"An equivalent circuit for the backward-wave Yagi hybrid antenna is shown in Fig. 2.1* ,The N-port feed network is shown at the left, Port 1 is the input. Ports 2 to K + 1 represent
terminal pairs at which a backward-wave structure Is connected to K dipole radiators. At
ports K + 2 to K + L + 1, reactive terminations are connected to L Yagi diretor elements.
The network at the right with A -- K + L ports represents radiation mid mutual coupling of
the array elements. Conditions at the nPt port will be described by a voltage Vot and a
current 1. directed as shown on thie diagram.

It will be convenient to group the currents In iin two distinct ways, leading to two
!*i partitionings of the total cuments matrix:

IN {;] K;:] (1)

liL J
where

a L Ur I dirneigion 1 by 1,

-Manasript submnittod October 30, 1979.
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The relation between voltages and currents of the feed network is governed by the
impedance matrix Z:

V Z I (2a)

or Fi Z Z 1
:,I- (2b)

Swherein the impedance matrix ZP which characterizes the backward-wave circuit will be
taken up in the next paragraph, Z = Z 0, and Z is a diagonal matrix. The entries on
the principal diagonal of /• are reactive terminations,XAK 2 , .2,JXK÷L+I, at the ports of
the Yagi directors. Equation (2a) may now be rewritten (using a different grouping of the
elements) as

Radiation and mutual coupling of the dipoles give the relation

whore the elements of ZA are known [5,6 . Substituting in (3) yields

,ZA(- 10 zDQ Z001 , 3)

or

-0 (ZOO + ZA) 1 Z4 (5b)

¶I1ie (input) impedance of the array is obtained by eliminating IP from the first constituent
of (3):

The radiation pattern is determined by the relative values of the antenna currents -/,
which can be found from (sb) by arbitrarily setting r' : 1. It is obviously independent of
any source impedance or precise value of input impedance.

We now return to the evaluation of Zn,, the open-circuit mlpedance matrix of the
backward-wave feed-line network. This network is shown in Fig. 3a, with Figs. 31 and 3c
defining the circuit symbols used. The dipole elements are connected in shunt, forming a
shunt three-port T junction at the terminal pairs marked 2, 3, ... , K + 1. Figure 3b represents
a lossless transmission line of length R. characteristic resistance RIo and prolagation

" " "a "" "

3. . . . "•• " :,,,•, , •m'



;it

-~ KAHN

() (K+1) (3 2
"•"~~ _J ' _------

Fig. 3a - Backward-wave feed-line network

V..
iR
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Fig. 3b - Tranuni~on Line Fig. 3c - Phase-reveral network
". mschermatized in two ways

constant K0 . For TEM lines, K0 would be proportional to frequency. In the antenna diagram
(Fig. 1) the dipoles are shown attached to alternate conductors of the two-wire transmission

A line. This produces a reversal in excitation phase which can also be schematized in the two
,.Af alternative ways shown in Fig. 3c: transposition of conductors and a length of transmission

it electrical radians in length (independent of frequency) (7]. The two-port connecting the
input (1) with the (K + 1)th tenninal pair merely alters the internal impedance of the source
and dooes not alter the patterns, Although shown arbitrary, a (dummy) section of the4 backward-wave line was chosen for convenience. The olen-circuit impedance matrix can
now be calculated via a number of circuit techniques all leading to relative values of V, and
14,: Z,, VW.1, whon 4. 0 for all r 0 s.

A 16-ELEMENT ARRAY

As an illustration of these ideas the performance of a sixteen-eloement backward-wave
Yagi array was computed. The array comprised a backward-wave structure of five dipoles
spaced 0.260 m apart and eleven Yagi director dipoles spaced 0.4 m apart. The TEM two-
wire transmission line of the backward-wave circuit had a characteristic resistance R0 - 300.
Each dipole rod had radius 0.024 m. The lengths of the dipoles are given in Table 1 (in order
from the backward-wave end to the front of the Yagi).

•lThe computations were carried out using the formulas for mutual coupling among
canonical minimum-scattering (CMS) antennas supplemented by a (separately evaluated)
antenna impedance 16,81. The equivalent circuit for implementing this calculation is shown
in Fig. 4. At terminals bb' the mutual impedances were taken to be the sarne as for short
dipoles (5). This approximation is justified by the slow chainge in pattern characteristics

4
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Table 1 - Dipole Lengths in a 16-Element Backward Wave
Yagi Array

Backward-Wave Dipoles Yagi Director Dipoles

Element Length (m) Element Length (m)

1 0.780 6 0.340
2 0.660 7 0.380
3 0.680 8 0.340
4 0.650 9 0.340
5 0.560 10 0.340

11 0.340
12 0.300
13 0U300
14 0.300
15 0.290
16 0.280

EQUIVALENT ACTUAL.
ANTENNA TERMINALS

ACTUAL ANTENNA1 CMS ANTENNA TERMINALS.. TCR16ANALS

41- TO ACTUAL WOAD

EG'VALENT LOAD
fOR CM5 ANTENNiA

Fi,4 EqJiva1lem circuiJt for diipole cluail

for dipole antennas less than I wavelength in overall length 14)1 The dimensions of the
dipole thlen enter the calculations only through their effect on UOL individual dipole input

lH-plane ant4onna patterns were computed at free-space wavehength,$ from 0.940 to
1.060 m. Patterns in the 8% band from 0.960 to 1.040 in are shown in Figs. 5a and 5b.
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Fig. Sa - Hi-plane radiation patterns for tie Fig. fb - H-phane radiation pAttoart (or the
I &-O6-elemen tntenna of Table I computed at the 16.lement antenna of Table 1 computed at1 Itm-4pace wavalentgths indicated the ff4v.apace wawlek tha indicated

Witliin this bhid, sidelobas rentahi twlow -16.6 dlI The sidelobo level deteriorates to -14 duI
(• i at the edge% of a 10% band. The dipole element pattern assure that X-plane patte•ns have

.ididobes at least 2.5 dB lower than the cornesponding Il-plwisv pattmits. adiation for
negative angles (backwozd lobes) was not computed explicitly.
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